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-ABSTRACT 
staphylococcal enterotoxins (SE) are a family of molecules 
called "superantigens", which are powerful T cell mitogens 
when they bind to class II MHC antigens on accessory cell 
(AC) surfaces. T cells responding to these antigens in the 
context of class II MHC molecules both proliferate and 
produce Interleukin-2 (IL-2). In this work, one of these 
superantigens, staphylococcal enterotoxin B (SEB), was shown 
to bind with high affinity to class II but not to class I MHC 
molecules. It also would not bind, by itself, to a responder 
T cell line as shown by a fluoresceinated binding assay as 
measured by flow cytometry. SEB did not appear to bind to the 
individual alpha or beta chains of class II MHC molecules on 
the AC surfaces. Interestingly, whereas MHC class II 
molecules of the HLA-DR and HLA-DQ haplotypes on AC were able 
to bind SEB and cause IL-2 production by T cell responders, 
the HLA-DP-SEB complex was not stimulatory. In addition, SEB 
in the context of I-E mouse MHC class II was stimulatory for 
T cells while the I-A mouse class II-SEB complex did not 
elicit a T cell response. These findings were in direct 
contrast to findings with staphylococcal enterotoxin A (SEA), 
a related SE, in which all isotypes successfully bound the 
superantigen and could lead to stimulation of T cells. A 
comparison of T cell responses to SE's and to toxic shock 
syndrome toxin (TSST), a related enterotoxin, in the context 
of MHC class II isotypes revealed variable responses. In 
addition, a study of the role of the MHC class II molecule 
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demonstrated that upon binding of SEA, SEB, and TSST to class 
II on purified human monocytes, Tumor Nucrosis Factor (TNFa) 
was produced. These studies will hopefully lead to a better 
understanding the complex interaction between the class II 
MHC molecule, the enterotoxins which they bind, and the 
T cells which respond to them. Through these studies, the 
mechanism of the T cell response to this enterotoxin-class II 
complex may be more clearly understood. 
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INTRODUCTION 
staphylococcal enterotoxins (SE) are produced by 
staphylococcus aureus and are the most common causes of food 
poisoning (1). They are further characterized into seven 
serotypes (A, B, C" C2 , C3 , D, and E) and following 
ingestion cause vomiting and diarrhea. (2). These proteins 
are of particular interest because they are potent T cell 
mitogens in vitro causing T cell proliferation and activation 
in the presence of accessory cells (3). They do not, however, 
activate all T cells non-specifically like T cell mitogens. 
Instead, these proteins in the context of MHC class II 
molecules activate a specific set of T cells via the Vp 
segment of the T cell antigen receptor and have recently been 
characterized as belonging to a class of antigens called 
"superantigens" (4,5). Another protein toxin produced by 
S. aureus, toxic shock syndrome toxin (TSST), has also been 
classified as a superantigen. A comparison of the amino acid 
sequences of TSST, SEA, SEB, and SEC, shows significant 
homology (6). 
It is characteristic for antigen to bind specifically to 
antigen-presenting cells (APC) and cause T cell activation. 
The SEts and TSST, like antigen, bind to MHC class II on the 
APC and elicit a T cell response. The enterotoxin molecules, 
however, unlike most other antigens do not require cellular 
processing by the APC to mediate a T cell response (7,8). It 
had been shown previously that SEA binds directly to MHC 
class II molecules to form a complex in an MHC unrestricted 
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fashion and does not bind to class I molecules (9). In this 
study, we wanted to see whether or not a related 
staphylococcal enterotoxin, SEB, could bind class I MHC and 
induce a T cell response. This was done by using a 
fibroblast cell line transfected with class I MHC as an 
artificially constructed accessory cell for SEB. The T cell 
response to this SEB binding APC was measured by the amount 
of T cell proliferation. 
We also wanted to see whether SEB binds MHC class II 
molecules in the same MHC unrestricted fashion as did SEA. We 
did this using fibroblast cell lines transfected with a 
variety of MHC class II molecules. These transfectants served 
as accessory cells, and each cell line was treated with SEB 
to see if the MHC class II-SEB complex could support a T cell 
response. The T cell response was assessed by the amount of 
IL-2 produced by a murine T cell line transfected with a 
human T cell receptor. Based on our findings for SEB, a panel 
of other enterotoxins were also tested to see if they were 
restricted by MHC class II in supporting a T cell response. 
Instead of using a T cell clone as the responder T cell line, 
a population of human purified T cells was used, and the 
response to the enterotoxin-MHC class II complex was measured 
by T cell proliferation. 
In order to determine the effect of binding of a variety 
of the staphylococcal toxins on the APC itself, the toxins 
SEA, SEB, or TSST were allowed to bind to human monocytes, 
and the amount of TN Fa produced by the monocytes was 
measured. We were interested in first, whether the toxin 
would bind to the class II molecule and, secondly, whether 
the amount of TNFa produced differs among the toxins. 
Finally, in an attempt to see whether an enterotoxin, 
which was SEB in this study, can be recognized itself by a 
T cell receptor, a murine T cell line transfected with a 
human T cell receptor was treated with fluorescently labelled 
SEB and analyzed for bound SEB using flow cytometry. 
-, MATBRIALS AND METHODS 
REAGBNTS 
SEA, SEB, SEC" and TSST were obtained from Toxin Technology, 
Madison, Wisconsin. Phytohemmagglutin (PHA) was obtained from 
Welcome Diagnostics, UK. Fluorescein isothiocyanate (FITC) 
conjugated to avidin was obtained from Beckton-Dickenson, 
Mountainview, California. FITC coupled to goat anti-mouse 
immunoglobulin (GAMlg) was obtained from Vaxter Healthcare 
Corporation, Mundelein, Illinois. 
MONOCLONAL ANTIBODIBS 
L243, the monoclonal antibody specific for HLA-DR, and L227, 
the monoclonal antibody reacting with a monomorphic 
determinant on human HLA-DR antigen, were obtained from 
American Tissue Type corporation (ATTC), Bethesda, Maryland. 
F23.1 is an ŠŪWÙĤŒŸŠĚantibody (10). 
HLA-DR(BD), a monoclonal antibody specific for the HLA-DR 
antigen, was obtained from Beckton-Dickenson, Mountainview, 
California. 
FLUORESCBINATBD BINDING ASSAY 
By155.CD4, a murine T cell hybridoma transfected with a vpa 
human T cell receptor (TCR) was used to detect SEB binding to 
a single TCR (11). A class 11+ B cell line, 721, and a 
mutant class 11- B cell line, 0.174, were used in this assay 
to detect class II binding (12). 
For detection of either MHC class II, TCR, or SEB binding of 
these lines, indirect fluorescent antibody tests were used. 
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Cells to be stained were washed twice in Hank's balanced salt 
solution (1% FCS, 0.05% Sodium azide, 0.05% Hepes buffer). 
1.0 x 106 of the washed cells were incubated either with 15 
ul mAb anti-TCR (HLA-DR(BD», 10 ul mAb anti-class II 
(F23.1), or with 1:500 dilution biotinylated SEB for 30 
minutes in a 37°C waterbath. Cells treated with biotinylated 
SEB were washed twice and resuspended in 15 ul fluorescein 
isothiocyanate (FITC) conjugated to avidin, and cells treated 
with mAb were washed twice and resuspended in 25 ul FITC 
coupled to goat anti-mouse immunoglobulin (GAMlg). The cells 
were incubated for 30 minutes in a 37°C waterbath then washed 
twice and fixed in 0.5 ml PBS-1% paraformaldehyde. Cells 
were then analyzed by a FACS flow cytometer (Coulter); 
fluorescent cells were those that had bound SEB. 
ACCESSORY CELLS AND CELL CULTIVATION 
A variety of cells were used as accessory cells for 
enterotoxin-induced T cell activation. 
The cell lines, JT6.4.1 and DMT43.555, expressing class IIII 
hybrid molecules were used to measure T cell response to SEB 
in the context of individual MHC alpha or beta chains (13). 
RT2.3.3H-D6 ("RT233"), an I-A transfectant (14), and 
RT10.3B-C1 ("RT103"), an I-E transfectant (15), were used as 
accessory cells for enterotoxin-induced T cell activation. 
Fibroblasts expressing MHC class II molecules, 
L25.4 (DPw4a:DPw4p), L54.5 (DQ7a:DQw3p), L165.1 (DR4/Dw14), 
and L66 (neomycin gene only), were used as accessory 
cells (16). 
A class I MHC transfectant, SRT1-1 (HLA3.1), was also used as 
an accessory cell in enterotoxin-induced T cell activation 
(17) • 
T CELL PROLIFERATION ASSAY 
Highly purified T cells were prepared from human PBMC. 
Monocytes were depleted from T cells by two rounds of plastic 
adherence and then erythrocyte-rosetted and negatively panned 
for class II molecules with mAb anti-HLA-DR (L243) and goat 
antibody to mouse immunoglobulin. T cells were used at 2X104 
per well and fibroblast cells were used at 2x104 per well. 
Fibroblast lines were treated with mitomycin C (sigma) 100 
ug/ml for one hour at 37°C to prevent proliferation. Cultures 
were incubated in RPMI 1640, with 10% human AB+ serum, 1mM L-
glutamine and antibiotics for 66 hours at 37°C at 5% CO2 • The 
final 18 hours the cultures were pulsed with [3H] thymidine 
(Amersham) 1uCi per well. Enterotoxins and PHA were stored at 
-20°C until used. Cells were harvested and amount of [3H]_ 
thymidine uptake of the cells was measurd using a 
scintillation counter. 
IL-2 PRODUCTION ASSAY 
Fibroblast cell lines were added to 24-well plates at 0.5 x 
106 per well with and without the addition of 200 ng/ml SEB. 
The reponder murine T cell line, By155.CD4, was added to each 
well at 0.5 x 106 per well, and plates were incubated in 
DMEM plus 10% FCS at 37°C for 24 hours. Supernatants were 
harvested and serially diluted in 96-well microtiter plates. 
10 Ujml and 1 Ujml rIL-2 standards were also serially diluted 
across the plate. An IL-2 dependent cell line was added at 
15,000 cells per well to all wells. Plates were incubated in 
RPMI 1640 with 5% FCS, 2mM Sodium pyruvate, 2mM L-glutamine, 
2mM Hepes and antibiotics for 24 hours. The final four hours 
the plates were pulsed with [3H] thymidine (Amersham) 1uci 
per well. Cells were harvested and amount of [3H]-thymidine 
uptake of the cells was measured using a scintillation 
counter. Since the amount of IL-2 present in the supernatants 
is directly proportional to amount of proliferation of the 
IL-2 dependent cells, this was used to assess the relative 
amounts of IL-2 produced by the murine T cell line. 
THFa PRODUCTION IN HUMAN MONOCYTES 
Human monocytes were isolated by two rounds of plastic 
adherence and were typically 95% positive for Leu M5, a human 
monocyte marker. Monocytes (3 x 105 per well) were plated in 
wells in 1 ml DMEMj10% FCS and stimulated with toxins. Toxins 
were used at a concentration of 5 ugjml. After 24 hours, 
supernatants were harvested and assayed for TNFa content by 
TNFa radioimmunoassay (Genzyme, Cambridge, Mass). The mAb 
anti-class II (L227) was used to block SEB binding in order 
to show that when TNFa is produced, it is due to SEB binding 
directly to class II, inducing TNFa production. 
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RESULTS 
The SBB-class XX MHC molecule complex induces T cell 
proliferation, ŸẀWĚSBB in the presence of class X MHC is not 
sufficient to elicit a T cell response. 
Table 1 shows the level of T cell proliferation induced in 
the presence of 200 ng/ml SEB and fibroblasts transfected 
with MHC class II molecules, MHC class I molecules, or 
untransfected. Whereas the fibroblasts transfected with MHC 
class II molecules and SEB induced a significant T cell 
response, neither MHC class I transfected or untransfected 
fibroblasts plus SEB were not able to induce a significant 
increase in T cell proliferation over background. These 
findings for SEB are consistent with the requirements for SEA 
to be presented in the context of class II MHC but not class 
I in order to elicit a T cell response. 
SBB ŸÙŪTVĚspecifically to MHC class XX molecules of the HLA-
DR and HLA-Dg haplotypes on accessory cells to cause XL-2 
production ŸXĚT cell responders whereas the HLA-DP haplotype-
SBB complex is not stimulatory. 
Based on the ability for SEA to bind to all the class II MHC 
isotypes to stimulate T cells, SEB was also tested with a 
panel of isotypes and stimulation of T cells was assessed by 
amount of Interleukin-2 (IL-2) produced by a responder T cell 
line, By155.CD4 • Fibroblasts transfected with human MHC 
class II as well as mouse MHC class II were examined. In 
addition, a fibroblast cell line transfected with only the 
alpha chain of the MHC class II molecule and a cell line with 
only the beta chain of MHC class II molecule were used in 
attempt to assess whether SEB in the presence of each chain 
independently could induce a T cell response. Table 2 
depicts relative amounts of IL-2 produced by By155.CD4 to SEB 
in the context of the different transfected cell lines. 
Unlike SEA, which showed the ability to stimulate a T cell 
response in the presence of all MHC class II isotypes, SEB 
showed specificities. The HLA-DP haplotype and mouse I-A MHC 
class II transfected cell lines plus SEB did not cause IL-2 
production whereas HLA-DR and HLA-DQ haplotypes as well as 
mouse I-E MHC class II transfected cell lines caused IL-2 
production. These findings suggest that specific MHC class II 
molecules are necessary for SEB to bind and be recognized by 
the T cell receptor to induce activation of T cells. 
In this study the cell lines transfected with the 
individual chains of the MHC class II molecule plus SEB were 
not sufficient to elicit IL-2 production by By155.CD4 • In 
order for the T cell receptor to recognize the SEB-MHC class 
II complex both chains are necessary for binding to cause T 
cell activation. 
While SEA in the presence of all isotypes causes T cell 
proliferation, SED, SEC" SEE, and TSST are stimulatory only 
in the presence of certain class II isotypes. 
Based on the ability for SEB to stimulate the responder 
T cell line to produce IL-2 in the context of specific MHC 
class II molecules, ability for the other enterotoxins in the 
context of a variety of class II molecules to support a 
T cell response was also investigated. An entire population of 
human purified T cells was used to assess relative ability to 
induce T cell proliferation in the presence of fibroblast 
cell lines transfected with MHC class II isotypes against a 
panel of enterotoxins. Like SEB, SEC, and SEE in the context 
of the HLA-DP haplotype did not cause T cell proliferation as 
shown in Table 3. The mouse I-A and I-E MHC class II 
molecules plus SEC, or SEE were also not stimulatory. In 
addition, all enterotoxins caused an equal and significant 
amount of T cell proliferation in the presence of fibroblasts 
transfected with the HLA-DR haplotype. The T cell response to 
the HLA-DQ haplotype was greater in the presence of SEA and 
TSST while the response was lower in the presence of SEB, 
SEC" and SEE. Responses to the HLA-DP and mouse I-A and I-E 
MHC class II molecules varied in relative T cell response to 
the panel of enterotoxins. SEA, unlike the other 
enterotoxins, caused a T cell response in the presence of all 
the MHC class II isotypes. 
SEA, SEB, and TSST bind to MHO class II molecules on purified 
human monocytes to induce production of Tumor Necrosis Factor 
(TNFa). 
In order to investigate the role of MHC class II molecules 
upon binding of the enterotoxins, the MHC class II molecule 
was examined as a possible receptor molecule for the 
enterotoxins. Ability for the enterotoxins to bind to the MHC 
class II molecule and cause a response was assessed by 
measuring TNFa production by human monocytes. As illustrated 
in Table 4, SEA, SEB, and TSST bind to the MHC class II 
molecules on the monocytes to induce TNFa production. SEA 
binds to the class II molecule to evoke greater TNFa 
production relative to SEB and TSST. The decreased amount of 
TNFa produced in the presence of L227, an anti-DR monoclonal 
antibody, further illustrates the binding of the enterotoxins 
directly to the MHC class II molecule. 
SED, by itself, does not bind to a single T cell receptor 
with high affinity. 
Fluorescently labelled SEB and flow cytometry was used to 
assess the ability of SEB to bind to a human T cell receptor 
transfected into a murine T cell line. SEA has been shown to 
bind MHC class II with high affinity (9). SEB appears to also 
bind with high affinity in the binding assay as shown by 
99.4% binding of SEB cells transfected with MHC class II. 
SEB, however, does not appear to bind with high affinity to 
the murine T cell line transfected with human T cell receptor 
due to only 12% of the cells binding. A monoclonal antibody 
specific for the T cell receptor, F23.1, was used to 
illustrate with 99.8% of cells binding, that the T cell 
receptor was indeed intact on the murine T cell line. SEB, 
by itself, binds with high affinity to MHC class II molecules 
but not with high affinity to a single T cell receptor. 
-.-
DISCUSSION 
It has been established that the staphylococcal 
enterotoxins have an intrinsic ability to bind to MHC class 
II molecules on antigen-presenting cells. When bound, these 
superantigen-MHC complexes function as T cell mitogens 
in vitro (9). It has been shown that all of the enterotoxins and 
TSST bind to MHC class II molecules and subsequently cause T 
cell proliferation, and they appear to activate T cells in a 
dose dependent manner (9). SEA is the most potent activator 
of T cells in vitro, followed by SEB, SEC" and TSST. 
Interestingly, binding affinity for class II molecules 
follows the same heirarchy, i.e., SEA precipitates class II 
molecules much more efficiently than SEB, while TSST is the 
least efficient (unpublished observation). 
SEA has been shown to elicit a T cell response in vitro in 
the presence of a variety af MHC class II isotypes and does 
not bind to class I (9). In this study, SEB, like SEA, did 
not bind to class I. In addition, SEB could not support a 
T cell response with certain MHC class II isotypes. A murine 
T cell line transfected with a human T cell receptor was used 
to measure response to SEB in the presence of a variety of 
class II MHC transfected fibroblasts. The HLA-DP and mouse 
I-A transfectants could not induce IL-2 production by the 
responder T cell line, whereas SEB in the context of HLA-DR 
or mouse I-E did support a T cell response. 
Based on these specific binding properties shown by SEB to 
the T cell clone, SEB as well as the other staphylococcal 
- enterotoxins and TSST were tested against a panel of MHC 
class II transfectants using a population of purified human T 
cells. SEB showed the same specificities in supporting a T 
cell response with the human T cell population as it did with 
the murine T cell clone. In addition, SEA supported a T cell 
response with all transfectants while SEC" SEE, and TSST 
showed restrictions. By defining the specific binding sites 
on the MHC class II molecules, hopefully the actual 
interaction between the enterotoxin-MHC class II molecule and 
T cell receptor can be understood. By understanding these 
diverse interactions, possibly the ability for these toxins 
to cause disease may be explained. 
In order to further investigate the interaction between 
the enterotoxins and the T cell receptor, the same murine T 
cell clone with the single human T cell receptor was used in 
a fluorescence binding assay. While the enterotoxin, which 
was SEB in this case, bound with high affinity to MHC class 
II, it did not bind with high affinity to the single T cell 
receptor. The fact that a small percentage of receptor 
bearing cells did bind SEB may indicate that a small 
interaction might exist between the T cell receptor and the 
SEB molecule. A more sensitive assay might better define the 
actual interaction occurring. 
In order to understand the role of the MHC class II 
molecule upon binding of the enterotoxin, the MHC class II 
was investigated as a possible receptor specific for the 
enterotoxins. In measuring T cell proliferation in response 
-,-
to the enterotoxins, it has been shown that the enterotoxin-
MHC class II complex transmits a signal via the antigen 
receptor on an adjacent T cell. Based on these observations, 
the possibility that the MHC class II molecule itself 
transmits a signal directly to the cell to which it is bound 
was investigated. Reported effects of the enterotoxins and 
TSST on class II bearing cells include suppressed antibody 
response from B cells (19) and induction of tumor necrosis 
factor (TNFa) from monocytes (20,21). Based on these 
effects we tested the ability for SEA, SEB, and TSST to bind 
to MHC class II molecules on human monocytes and induce TNFa 
production. Interestingly, the same heirarchy of response was 
observed in human monocyte populations as was seen before in 
the affinity binding to class II MHC of the enterotoxins and 
the T cell stimulation induced by the enterotoxins, i.e., SEA 
binding led to greater TNFa production than SEB and TSST. 
This data could suggest that the higher affinity binding of 
SEA for class II molecules or SEA's greater efficiency to 
cross-link class II molecules leads to more potent induction 
of TNFa. 
- SUHHARY 
We have shown that the staphylococcal enterotoxins and 
TSST bind specifically to MHC class II molecules. Upon 
binding to class II molecules, these bacterial exotoxins 
function as T cell mitogens in vitro. SEB, like SEA, does not 
bind to class I nor to a single T cell receptor. The limited 
binding ability for SEB to certain MHC class II molecules 
observed on the clonal level are consistent with observations 
using a population of human T cells. Furthermore SEC" SEE, 
and TSST are also limited in binding to certain class II 
isotype. Finally, the enterotoxins and TSST not only 
activate adjacent T cell in the context of class II, but can 
also evoke responses from the class II-bearing cells to which 
they bind. These enterotoxin/TSST effects on cells that bear 
class II molecules, and the induction of the T cell hormone 
IL-2, might provide possible explanations for some of the 
symptomatology associated with these bacterial exotoxins. The 
MHC class II molecule could also be implicated as a signal-
transducing receptor. 
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